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ABSTRACT
ARIEL JEANETTE RODGERS: The Effects of the Histidine-Alanine-Valine Peptide on
the Dimerization of Neural Cadherin
(Under the direction of Dr. Susan Pedigo)

Cadherins are calcium-dependent cell adhesion molecules whose general structure is
characterized by three regions: a conserved carboxy-terminal cytoplasmic region, a
transmembrane segment and an extracellular region that binds calcium. Cadherins
mediate cell to cell adhesion by the formation of homophilic dimers between these
extracellular regions, during which one cadherin molecule interacts with another cadherin
molecule of the same type. The adhesive interface is a strand-crossover structure between
two protomers from adjacent cells. The PA-strand detaches from its own protomer and
crosses over to dock a critical tryptophan residue in a hydrophobic partner protomer.
Disruption of the formation of the adhesive dimer is of great interest as a
chemotherapeutic strategy for cancer metastasis. The histidine-alanine-valine(HAV)
peptide is a motif in cadherin that may have a role in dimerization and overall cell
adhesion. It causes a decrease in synapse duration in vivo. Experiments reported here
were designed to test whether we can detect an effect of the HAV peptide on
dimerization using a simple chromatographic assay developed in our laboratory. Results
were negative in that the peptide does not disassemble the adhesive dimer in our
chromatographic assay.
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Chapter 1; Introduction
Background and Significance
Cadherins are transmembrane cell-cell adhesion proteins that require calcium for
their adhesive function (Ringwald, Schuh et al. 1987; Ozawa, Engel et al. 1990; Takeichi
1991; Alattia, Kurokawa et al. 1999; Vleminckx and Kemler 1999). They mediate
dynamic adhesive processes during embryogenesis, tissue morphogenesis (Takeichi
1995; Gumbiner 1996), cell differentiation (Rowlands, Symonds et al. 2000), and
reorganization of adult soft tissues (Gumbiner 2005). Abnormal cadherin expression.
molecular defects in cadherin function and mutations in calcium-binding sites are
associated with metastatic cancers (Takeichi 1993; Handschuh, Candidas et al. 1999;
Jeanes, Gottardi et al. 2008).
Classical cadherins are calcium-dependent cell adhesion molecules whose general
structure is characterized by three regions: a conserved carboxy-terminal cytoplasmic
region, a transmembrane segment and an extracellular region that binds calcium.
Cadherins mediate cell to cell adhesion by the formation of homophilic dimers between
these extracellular regions, during which one cadherin molecule interacts with another
cadherin molecule of the same type (Tamura, Shan et al. 1998). The extracellular region
consists of five tandemly repeated domains(ECl - EC5), each containing a seven
stranded antiparallel beta barrel ordered into two opposing sheets. Figure 1 shows a
schematic of the structure of classical cadherin molecules.
One of the most well studied members of the classical cadherin family is neural
cadherin (N-cadherin). The original crystal stmcture of cadherin was of EC 1 of Ncadherin that demonstrated a parallel strand-crossover dimer interface and an antiparallel
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HAV region interface, which will be discussed later.(Shapiro, Fannon et al. 1995).
There is interest in this protein for a number of reasons. First, as indicated by the name, it
has importance in neurological synapses. It occurs at excitatory synapses, particularly
those associated with memory, and it is considered a marker for long term potentiation
(Mendez, De Roo et al. 2010). In addition, N-cadherin is often dispersed on the lumen
and basal surfaces of endothelial cells (Ferreri, Minnear et al. 2008). N-cadherin on the
basal surface associates with the smooth muscle cells that surround arteries. N-cadherins
can also be found at the junction between pericytes and endothelial cells at the bloodbrain barrier. They are the target for several chemotherapeutic agents for cancer
(Blaschuk 2012). Our lab has recently developed a simple method for assaying the
formation of dimers by N-cadherin using size exclusion chromatography. The work
reported here is a first attempt to use this method to assay the efficacy of a bioactive
peptide on dimer formation by N-cadherin.
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FIGURE 1. Structure of Classical Cadherin. Cadherins are cell adhesion molecules with a
transmbrane segment, a carboxy- terminal cytoplasmic region and an extracellular region made up of five
domains. Three calcium ions bind between the interfaces of the extracellular domains for cell adhesion to
occur. Alpha and beta-catenin interact with the C-terminal domain and the actin cytoskeleton. Adherens
junctions connect the cytoskeletons of neighboring cells, creating tension in the cellular network.

There are two accepted dimer structures formed by classical cadherins: adhesive
and lateral dimers. Adhesive dimers are formed between cadherins from opposing cell
surfaces and lateral dimers are formed between cadherins from the same cell surface.
These two forms work together to create a double-weave structure between the
extracellular space protomers (Harrison, Jin et al. 2011). Adhesive and lateral dimers are
shown in Figure 2A (Harrison, Coips et al. 2005). Calcium ions bind between the
interfaces of the extracellular domains, inducing a conformational change of the entire
extracellular region such that the five extracellular domains make a rigid but curved
geometry (Pokutta, Herrenknecht et al. 1994). Because of this conformational change, a
conserved tryptophan (W2)comes out of its hydrophobic pocket and docks into the
hydrophobic pocket of its counterpart, thereby forming the strand-crossover (Harrison,
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Corps et al. 2005). This dimeric structure is the basis of cell to cell adhesion. The
process of strand-crossover formation is illustrated schematically in Figure 2B.

Cell 1
*
ECl

ECl

Extra
cellular

EC I
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Space
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Adhesive dimer
fomialion

EC2

Strand crossover

FIGURE 2. (A) Adhesive and Lateral Dimer Formation. Adhesive dimers are created between
cadherins from opposing cell surfaces. Lateral dimers are formed between protomers from the same cell
surface. Both help form a "double-weave" lattice between protomers from opposing cells. (B) Strandcrossover and Trp2. Tryptophan is docked into the hydrophobic pocket of ECl until 3 calcium ions bind.
This binding causes the pA-strand to release and dock W2 into the hydrophobic pocket of the neighboring
cadherin molecule.

Chromatographic Assay of Dimer Formation
All three regions of the cadherin molecule are essential for complete
physiological function; however, only two domains of the extracellular region are
necessary to dimerize. Thus, studies reported here are performed on N-cadherin domains
1 and 2(NCAD12). There are different configurations for the monomer and dimer forms
of cadherin. M apo is the protein monomer in the absence of calcium and Msatd is the
protein monomer in the presence of calcium. Both monomeric forms can form dimers.
D,
apo is the protein dimer without calcium. Dsaici is the protein dimer in the presence of
calcium, and is the strand-crossover adhesive dimer. Both Dapo and Dsatd are in
equilibrium with monomer. Since calcium is essential for cell adhesion, Dsatd is the
relevant physiological species, and is believed to be the strand-crossover structure. While
4

Dapo is not physiologically relevant because the concentration of extracellular calcium is
typically high, some have referred to the Dapo form as the lateral dimer (Troyanovsky,
Sokolov et al. 2003) although this is speculation. The relationship between monomeric
and dimeric forms of cadherins can be seen in Figure 3.
A

Mapo

Mapo
<■

Mapo

Ca^*

Ca^^

\f

M satd
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<
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tD satd

FIGURE 3. Linked equilibria and calcium titrations of NCAD12. Model showing the four-linked
equilibria for the NCAD12 (M„p„. calcium-free monomer, Dapo- calcium-free dimer,
- calcium-bound
monomer and D,arj ~ calcium-bound dimer). The dimer dissociation equilibrium constant, Kj, for saturated
dimers (D,a,c/ to M,ya,j) is 25 pM for NCAD12. The Ka for calcium binding to NCAD12 is 30|iM (Katsamba,
Carroll et al. 2009; Vunnam and Pedigo 2011 b).

There is another dimeric form in addition to Dapo and Dsatd- D* apo is a protein
dimer that is formed by decalcifying Dsatd and it is kinetically trapped into its dimer form.
It is not in exchange with monomer and therefore not in equilibrium with monomer. We
believe that this dimeric form is also a strand-crossover structure and may form in the
low calcium concentration at an actively firing synapse and, therefore, is physiologically
relevant (Rusakov and Fine 2003). Figure 4 shows the exchange dynamics of the
monomer and dimer equilibria for NCAD12.
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FIGURE 4. Exchange dynamics of monomer-dimer equilibria for NCAD12. Calcium titration of
monomeric NCADI2 represented hy solid red arrows. Since pure stocks of D„p„ are unattainable, it could
not he directly titrated (dashed red arrows). Formation of dimer is shown in the horizontal equilibria. Solid
arrows are reactions that were observed e.xperimentally. The green arrows represent the decalcitication of
D UllJ to form D
D,,„j is a virtual state that is the calcium-saturated form of the D\,p„ conformation
(Vunnam. Flint et al. 201 1).

The level of Dsatd and D*apo in solution is assayed by a simple chromatographic
experiment using size exclusion chromatography. Our chromatographic assay cannot
measure lateral dimers. Lateral dimers are too weak and dynamic to persist in the assay
conditions. The chromatographic assay exploits the dramatic calcium-dependent
difference in the exchange behavior between these two dimeric forms. This is illustrated
in the chromatograms Figure 5 and 6 below. Figure 5 shows chromatograms of two
solutions of calcium saturated NCAD12, a concentrated stock and a 1:5 dilution of the
stock. Notice that the level of D.satd decreases when the protein stock is diluted. We
would expect this since at lower protein concentration, more dimer should dissociate.
This shows that Msatd and Dsatd are in rapid equilibrium with each other.
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FIGURE 5. SEC chromatogram showing slow exchange behavior. A stock of N-cadherin in 1 mM
calcium contains both Msaid and Dsatd in it. It was injected onto an SEC column in apo mobile phase.
Protein was decalcified at the head of the column and some of the Dsatd formed D*apo on the column. Since
D*apo is in slow exchange with Mapo, these species show up as two distinct peaks. (Vunnam, Flint et al.
2011).

Figure 6 shows the remarkably slow exchange behavior of D*apo- Here, a
solution with approximately 68% D*apo is diluted 5 fold. There is no change in the
concentration of D*apo- This indicates that the dimer does not dissociate upon dilution.
This dimer will not dissociate for incubation in dilute solution for up to a month at 4°C.

Retention Volume (ml)
FIGURE 6. SEC chromatogram showing slow exchange behavior. A stock of N-cadherin in apo
conditions was enriched in D*apo. It was injected onto an SEC column in apo mobile phase. Since D*apo Is
in slow exchange with Mapo, these species show up as two distinct peaks. The stock (dashed) had 459c
dimer. A sample with 1 to 5 dilution (solid) also had 45% dimer(Vunnam, Flint et al. 2011).
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HA V Peptide
In NCAD,the histidine 79- alanine 80- valine 81 peptide(HAV)is found in the
most distal domain on the cadherin molecule, ECl (Nose, Tsuji et al. 1990). HAV is a
relatively conserved tripeptide sequence in the cadherin family that is suggested to be one
of the important protein sequences for lateral cadherin-cadherin interactions (Shapiro,
Fannon et al. 1995). It is proposed that two adjacent protomers emanating from the same
cell surface can form a lateral dimer. Lateral dimers occur on each of the opposing cell
surfaces and work in concert with the intercellular Junction to form stable adherens
junctions. Because these actions take place, both the lateral dimers and strand-crossovers
can form a zipper-like, or double weave structure across the intercellular junction.
Originally, it was thought that the adhesive and lateral dimers made a crystal
lattice formation (Shapiro, Fannon et al. 1995). A model of the original structure is
shown in Figure 7A. The HAV region was first thought to be the adhesive dimer
interface. We now know the strand-crossover dimer is the adhesive dimer and HAV is
involved with the lateral dimer that is formed between ECl of one protomer and EC2 of
the other as shown in Figure 2A. When Nose first conducted research with the HAV
region, he changed the interface between epithelial and placental cadherin and saw that
the specificity of cadherin could be changed in culture. Because of this study, it was
thought that since the HAV region is important in the homophilic binding of cadherin and
it would disassemble adhesive dimer.
Because of the importance of this HAV region in cell-cell adhesion, researchers
have performed a number of studies using synthetic HAV peptides. Recent studies by
Mysore et al have shown that the HAV peptide has a unique relationship with ECl and
the formation of dimers and ultimately cell adhesion (Mysore, Tai et al. 2007). They
8

showed that a synthetic HAV peptide dramatically increased synapse dynamics in the
dendritic spine and decreased the duration of the synapse. Since we think that D*apo niay
be significant at the synapse, we think that the HAV peptide may have a special
relationship with NCAD and its D*apo dimer conformation. This idea is supported by
NMR data. Overduin et al shows that there is a change in the HAV region when calcium
is present, which further support the claim that the HAV peptide plays a role in cell
adhesion (Overduin, Harvey et al. 1995). The HAV region in to NCAD12 is shown in

Figure 7B.
The purpose of this experiment is to determine if a synthetic HAV peptide affects
the structural integrity of D*apo. We used a bacterial expression system to make the ECl
and EC2 constructs of NCAD,NCAD 12. The protein was purified and the level of D

apo

and Dsatd were determined by analytical size exclusion chromatography (SEC). We
monitored the effect of synthetic peptides on the percentage of dimer.
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FIGURE 7 (A). Original Zipper Model of Cadherin. This is Shapiro’s original structure of classical
cadherin and how it makes its crystal lattice structures. It was thought that the HAV region was associated
with adhesive dimer but we now know that the HAV region is directly associated with lateral dimers. (B)
Structure of AHAVD peptide relative to NCAD12. This is a ribbon drawing of the structure of
NCAD 12 ( Incj.pdb; (Tamura. Shan et al. 1998)). ECl is up and EC2 is down. The AHAVD peptide is
colored m ECl of the NCAD 12 protein. Alanine 78-red. Histidine 79-yellow. Alanine 80-green. Valine
8 I -blue. Aspartate 82-purple. The N-terminiis is visible on the left of the protein protruding from EC I and
It forms a strand-crossover with an adjacent cadherin molecule. Also shown are the three calcium ions
(black) that bond to the interface between ECl and EC2.
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Chapter 2: Materials and Methods
Cloning
One construct was used to create NCAD12 wildtype. The cDNA for mouse
cadherin was the gift of Dr. L. Shapiro (Columbia University, New York). The first two
domains of NCAD(NCAD 12 containing residues 1-221) were cloned into the
expression vector pET30 Xa/LIC using the Xa/LIC system from Novagen. A schematic
of the gene and resulting protein is shown in Figure 8. This expression system was
chosen so that the N-terminal fusion protein had a His6 sequence for HisTag
chromatographic purification. Immediately adjacent to the N-terminus of ECl, there is
an Arginine that can be cleaved by trypsin. This leaves a clean N-terminus with an
exposed aspartate residue as found in cadherins in vivo.

gene
protein

Met...(His)6...GlyAi
45 residues

ITAA

Gene for NCAD12

AUG...(CAC)b...
DWVIPPt

/
Trypsin site

....DQNDNPP
221 residues

FIGURE 8. Schematic for the gene and protein sequence for NCAD12. The gene for NCAD 12 was
inserted into the vector to create a fusion protein. The fusion protein has a 45 amino acid N-terminal fusion
that has an N-terminal methionine, a histidine 6 sequence for HisTag chromatography, and an arginine
directly adjacent to the N-lerminus of the NCAD 12. The fusion protein can be cleaved at arginine by
trypsin.

Expression and Fractionation
E. coli carrying the genes for the construct was streaked on autoclaved plates
containing kanamycin and allowed to incubate at 37°C overnight. A single colony was
subsequently chosen to inoculate 50 inL of liquid LB broth on a rotating .shaker at 200
rpm, 37°C overnight. After incubation, 5 mL of overnight culture was used to inoculate
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two 1L LB-Kanamycin cultures and then incubated on a rotating shaker, 200 rpm, 37°C
for three hours. Absorbance at 600 nm was checked to assure bacterial growth between
0.6 to 1 AU. A pre-induction culture sample was taken,followed by the addition 0.4 mM
IPTG to each culture. This culture was grown at 200 rpm, 37°C for two hours. After this
period, cells were harvested by transferring them into IL centrifuge bottles and spun at
3000 rpm for 15 minutes,4°C, after which the supernatant was decanted and discarded.
The pellet was resuspended in 10 mL of 20 mM HEPES buffer(10 mM HEPES, 140 mM
NaCl), 100 mM KCl, pH 7.4. Cells were then centrifuged at 13,000 rpm for 20 minutes.
4°C. Following centrifugation, supernatant was decanted and saved, and the pellet was
washed with Trition-X solutions to remove membrane components. The final pellet was
dissolved in a denaturing His-Tag binding buffer(6 M urea, 20 mM Tris/HCl, 0.5 M
NaCl,5 mM imidazole, pH 7.5) to dissolve proteins in inclusion bodies.
Purification
Denatured protein was applied to a nickel affinity column and eluted with 10 mM
Tris/HCl, 250 mM NaCl,0.5 M imidazole, pH 7.9. Elution fractions containing protein
were determined by ultraviolet absorption spectroscopy at 280 nm. Fractions with the
highest levels of protein were dialyzed in 140 mM NaCl,20 mM Tris, 5 mM CaCh, 1
mM DTT,5% glycerol, pH 7.4. N-terminus histidine tag was cleaved by treating the
His-Tagged protein for 115 minutes using immobilized trypsin (Pierce). The
immobilized enzyme was separated from solution by centrifugation.
SEC Fractionation
Preparative SEC fractionation was used to detect the presence of dimer in the
stock solution by allowing the protein to flow through a column and it separates into
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monomer and dimer according to size. To perform this task, an AKTA Purifier HPLC
(GE LifeSciences) with a Superose-12 10/300 GL Column(GE LifeSciences) with
detection at 280 nm and 0.5 mL/min flow rate. The volume in the column is
approximately 25 mL. The protein, along with calcium, was injected on the column with
a Hamilton syringe. Protein was detected at 280 nm.
HA V Peptide Studies
Peptides: The HAV and scrambled peptides were synthesized commercially
(Neogroup). Both peptides had five amino acids with an N-terminal acetyl group and a
C-terminal methyl group. These modifications neutralized the termini of the peptides.
The HAV peptide had the sequence AHAVD and the scrambled peptide had the sequence
DAVHA. Peptides were supplied as a lyophilized powder. Peptide stocks were made in
SEC buffer to a concentration of 10 mM. The stock was kept at a temperature of 4°C
throughout the experiment. The pH of the peptides was adjusted to be between 7.0 and
7.5 so that the pH of the solution would not affect the dimerization equilibria of the
protein.
Sample Preparation ofD*apo’: In order to confirm that the NCAD12 protein stock
was behaving predictably, samples were prepared to test the formation of D*apo. In order
to do this, calcium is added to the apo-protein stock. After the calcium saturated protein
equilibrates (Msat and Dsat form), EDTA is added to strip the calcium and form D*apoThe following procedure was employed. A volume of 50 fxL of 80 fxM NCAD12 stock
was placed in an eppendorf tube and 0.5 fxL of 100 mM Ca"'^ was added to the protein
Stock, making the calcium a 1 mM final concentration. Addition of calcium allows the
solution to equilibrate between Msatd and Dsatd- After five minutes, 0.5 pL of 500 mM
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EDTA was added to the mixture, making the EDTA a final concentration of 5 mM.
Addition of EDTA converts the Msatd-Dsatd to Mapo-D*apo.
Peptide Studies with D*apo; A similar procedure was followed to determine the
effect of the peptides on the formation of D*apo- We performed this experiment to test if
any additives (buffer, SCR peptide or HAV peptide) would disassemble D*apo*
Specifically, 50 tiL of protein stock and 1 pL of 100 mM Ca""^ were placed into
eppendorf tubes. Then 1 pL of 500 mM EDTA was placed in the eppendorf tubes and
incubated for 30 minutes. 50 pL of SEC buffer, SCR peptide or HAV peptide stock (10
mM)were then added to their respective eppendorf tubes and incubated for 10 minutes.
EDTA was added before the additives because in order to make D*apoi the dimer has to be
decalcified and create the locked dimer. Then the entire 100 pL was injected onto the
HPLC column.
Peptide Studies with Dsatd- After we observed the behavior of the additives with
D*apoi we needed to observe the additives behavior with Dsatd* A volume of 50 pL of
protein stock was prepared with 1 pL of 100 mM Ca^"*^ and 50 pL of SEC buffer in an
eppendorf tube. The same procedure was repeated with HAV peptide and SCR peptide
stock (10 mM). After 10 minutes of incubation, 1 pL of 500 mM EDTA was added to
the eppendorf tubes and incubated for 30 minutes. Each 100 pL sample was injected into
the HPLC column.
Temperature Studies: The above experiments were all performed under room
temperature. Because the HAV peptide disassembles dimer in vivo, these experiments
were to simulate a living environment. All experiments were repeated with incubation
times in a 37°C water bath instead of the room temperature to simulate body temperature.
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Calculation ofDimer Percent
The following equation was used to calculate dimer percent:

Dimer Percent =

. X 100
Peak height of Dimer
Peak height of Dimer + Peak height of Monomer

The peak heights were measured at their maximum height and with an inch ruler marked
with sixteen sections between each inch. Dimer eluted at 12.0 ± 0.1 mL and monomer
eluted at 13.1 ±0.1 mL. All chromatographic experiments were performed in duplicate.
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Chapter 3: Results
The effect of the HAV and SCR peptide was evaluated by SEC chromatography
and the results are shown below. In each of the figures below, the dimer and monomer
elute as two distinct peaks. This indicates that under these conditions, monomer and
dimer are not in exchange with each other and therefore not in equilibrium.
Analytical SEC Resultsfor Peptide Studies with D*apo
The purpose of the first experiment was to establish whether D*apo would be
disassembled by the HAV peptide. In order to test this we added one of 3 different
solutions. The SEC buffer addition tested for the effect of dilution. The SCR peptide
addition tested for whether there was a matrix factor in the peptide preparations that
would affect disassembly (like pH). Also, the SCR peptide has all of the important
amino acids, but in the wrong order, so it is an excellent control for the specificity of the
effect of the HAV peptide. Data is shown in Figure 9. D*apo with the SEC buffer added
showed that it had 61% dimer in its solution. D*apo with SCR peptide added showed that
it had 62.7% dimer in its solution. D*apo with the HAV peptide added showed that it had
60.3% dimer in its solution. The conclusion of this experiment is that the HAV peptide
does not disassemble the D*apo dimer. The fact that the SCR and HAV peptides did not
affect the level of dimer also indicates that the matrix of the peptide stocks is not
affecting the equilibrium.
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FIGURE 9. (A)Analytical SEC graph for SEC buffer with D*apo- (B) Analytical SEC graph for SCR
peptide with D*apo. (C)Analytical SEC graph for HAV peptide with D*apo* Protein stock concentration
was 80 uM. Injection volume was 100 piL. Y-axis is mAbs at 280 nm. X- axis is elution volume in mL.
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Analytical SEC Resultsfor Peptide Studies with Dsaid
In this experiment it was important to add the peptide before the EDTA was
added so that we test the effect of peptide on Dsatd- From the previous data we know that
the peptide do not affect the D*apo dimer, so that once EDTA is added, the level of dimer
in the assay would reflect the level of Dsatd in the solution. Data is shown in Figure 10.
The level of Dsatd in the sample with the SEC buffer added showed that it had 56.5%
dimer in its solution. The level of Dsatd in the sample with the SCR peptide added
showed that it had 55.9% dimer in its solution. The level of Dsatd in the sample with the
HAV peptide added showed that it had 57.0% dimer in its solution. The conclusion of
this experiment is that the HAV peptide does not disassemble the Dsatd dimer. The fact
that the SCR and HAV peptides did not affect the level of dimer also indicates that the
matrix of the peptide stocks is not affecting the equilibrium. The level of dimer is less in
this experiment because the calcium saturated sample was diluted before the addition of
EDTA.
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FIGURE 10. (A) Analytical SEC graph for SEC buffer with Dsatd- (B)Analytical SEC graph for
SCR peptide with Dsatd- (C) Analytical SEC graph for HAV peptide with Dsatd* Protein stock
concentration was 80 uM. Injection volume was 100 pL. Y-axis is mAbs at 280 nm. X- axis is elution
volume in mL.
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Temperature Studies(37°C)
It has been reported that the HAV peptide will disassemble dimer in vivo. Since
all the above experiments were conducted at room temperature, we repeated the D*apo
experiments in a 37°C water bath to simulate body temperature. Data is shown in Figure
11. D*apo with the SEC buffer added showed that it had 42.9% dimer in its solution.
D*apo with SCR peptide added showed that it had 48.1% dimer in its solution. D*apo with
the HAV peptide added showed that it had 45.9% dimer in its solution. Overall, this
experiment showed an increase in dimer upon the addition of peptides. We are not sure
why this happened. It may be an ionic strength effect that is more profound at higher
temperatures. Also, note that the overall level of dimer here was less than in previous
experiments. This is due to the fact that heating Apo solutions with D*apo causes the
dimer to disassemble (Vunnam, Flint et al. 2011).
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FIGURE 11. (A)Analytical SEC graph for SEC buffer with D*apoin 37°C water bath. (B)
Analytical SEC graph for SCR peptide with D*apoin 37°C water bath. (C)Analytical SEC graph for
HAV peptide with D*apoin 37°C water bath. Protein stock concentration was 80 uM. Injection volume
was 100 |iL. Y-axis is mAbs at 280 nm. X- axis is elution volume in mL.
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Chapter 4: Discussion
The purpose of these experiments was to use a simple chromatographic method to
assay for whether the HAV peptide would affect the disassembly of the calcium-saturated
dimer, Dsatd, and the disassembly of the kinetically-trapped dimer , D*apo of N-cadherin.
We believe that while these two dimeric states are both strand-crossover structures, they
may be different conformations because one is in fast exchange with monomer and the
other is not. Previously the chromatographic method was shown to be useful in
characterizing these two dimeric species(Vunnam, Flint et al. 2011).
Neither peptide showed any effect on the dimeric forms. This tells us that the
HAV peptide has no effect on the formation or exchange dynamics of the strandcrossover dimer.
During the first trials of this experiment, we found that both the HAV and SCR
peptides disassembled dimer. Later when we were troubleshooting this experiment, we
discovered that the peptides’ solutions were acidic and it caused the D*apo to disassemble
in a way that we did not expect. The peptides are too small to dialyze against the
standard buffer that was used in the experiment, and they do not have a chromophore so
we cannot track the peptide independently. Thus, in later experiments as reported here,
we neutralized the peptides so that the acidity would not interfere with the study. We
know that the peptide solution did not affect the experiment because samples with
peptide added were identical to those with buffer added.
There are a number of possible reasons this experiment did not work as we had
expected. First, the peptide may not have the same effect in the 2-domain construct that
it does in vivo; the peptide may only affect dimerization in the entire 5 domain construct.
Second, in vivo, the HAV region of domain 1 is on the surface of the protein that is
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believed to be important for lateral interactions (Shapiro, Fannon et al. 1995). The JiAV
peptide should interrupt lateral structures with partner cadherins. The dimeric species
that we were testing are adhesive type structures and therefore would not be affected by
the HAV peptide.
There is experimental evidence that the HAV region is affected by binding of
calcium (Overduin, Harvey et al. 1995). This is likely due to the fact the calcium binding
affects the disposition of Trp2 in the hydrophobic pocket(Vunnam and Pedigo 2011 a).
The side chain of Alanine of the HAV region protrudes into the hydrophobic pocket
(Shapiro, Fannon et al. 1995). This means that the HAV region is integrally connected
with the strand-crossover structure. However, our studies do not show that the peptide
affects the formation or disassembly of the adhesive dimer. Because of our results and
the in vivo activity of synthetic HAV peptides, we think that the lateral dimer must be
important for the synapse dynamics and duration. We cannot study lateral dimer with a
analytical SEC technique because the interaction is too weak. To study lateral dimers, the
protein would have to be very highly concentrated.
For future studies, we are going to try tryptophan analogs. Tr}^tophan analogs
bind into the hydrophobic pocket and interfere with strand-crossover formation. There
are some solubility problems concerning the tryptophan analogs. To try and dissolve the
analogs, we will try DMSO as a solvent and also try more hydrophilic analogs such as a
hydroxyl on the indole ring.
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